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IMPROVED MATERIAL FOR ELECTRODE MAlTOFACTCTtE 

The present invention lelates to an improved electcocatalyst ink comprising 
5 particulate gir^liite aad a process for the preparation thaeof . Fuahermota, the inventloii 
relates to the use of the improved electrocatalyst ink^ and in particular to its use in the 
piepandian of higher perfbrmance calBly&t layer stroctures for'^plicaticEO ia^ael cells and 
other dLectrocheniJcal devices* 

10 B]iectrocheinical cells invaiiably comprise a£ their fundamental level a :Mlid or 

liquid electrolyte and two electrodes, the anode and caihode, at which th« desired 
electrochemical xeaclions take place. A fiiel cell is an energy conversion device that 
efficienfly converts the stoired chenucal energy of its fuel into etectdcal enerigy by combining 
either hydrojgen, stored as a gas^ or methanol stored as a liquid or gas^ with oxygen to 

15 gCTterate electrical power. The hydrogen or metiianol is oxidised at the anode and the 
oxy^soi is reduced at the cathode of the electmohemical cell. In these cells gaseous reactanis 
and/cor products have to be difiused into and/or out of the cell electrode structures. The 
electrodes therefore are specifically designed to be porous to gas dlfl&ision in order to 
optinuse the contact between the reactants and the reaction sites in the electrode to rnaxitnise 

20 the leaclion rate- The electrolyte which has to be in contact with both electrodes to maintain 
electrical contact in Ihe fuel cell may be acidic or alkaline, Uquid or solid* in nature. The 
proton «chflrige iTifimbranje fliel cell (PEMFC) is the most likely type of fuel cell to find 
wide application as a more efScient and lower emission power generation technology in a 
range of markets including sta;dorLaiy and portable power devices and as an alternative to Ihe 

25 internal combustion engme in transportation- InlhePEMFCa vdietfaerbydrogmormelhanol 
fuelled, the electrolyte is a solid proton-conducting polymer membrane, commocnly based 
on peifluorosulphonic acid materials. 

In the ]PEMFC Ihe cnmbined laminate structure formed feom the membsane sndihe 
30 two electrodes is known as a membrane dectrode assembly (M^ The MEA will typically 
comprise several layers, but can in general be considered, at its basic level» to have five 
layers, wMch are defmedprinoipaUy by ihfifcfhnct^^ Oil rithermdeofthe membrane an 
anode and cathode electrocatalyst is mcorporated to increase the rates of tbe desited 
electrode reactions. In contact wifli the electrocatalyst containing Isy^T^ on Hie cfvpodte 
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fece to flist in. contact vrfflifce mcmbntne, aieflie aaiode and cathode gas difEfaaioa substrate 
]sses3. llieaiMsdegasdifaisioiiSMtjstraiiBisdBa®^ 

liydro^ or mBthanoJ to mter fcom the fece of the substrate exposed to the reactairtfiiel 
sa^^t and them to diffiase tfarou^ tiae thldmess of the subtle to tibe layedf whiiA con^ms 
the elsctroGa1a^rst» tisnally platinum nuital based, to maximise the decbDchemical oxidatioa 
oflsydiqiWicfftnefhanoL TIib anode dlecteocatalyrtlayCT is also demgned to «>iBpi^ 
level of the pcotan-c<»iductiiig eledrobrtB in coHtaot wifti Hie same electiDcatalyst leaedott 
sites. WiJJi acidic elecixolyte! types ptwrfnoB are produced as the product of fee icactioii 
oMiuniag at the anode and liiKe can then T» efi^^ 

sites teragh the eJectK^ to 1hBcalliDdel^?eis. ThecatlXJdegasdifEuaflinsaJjstrateisailao 
desfeoed to be ponnia and to aUow osyessn or air to eotear the substrate and difRise fhiou^ 
to the elec*»catabfstlayw reaction sites. ThecadiodoclcclxooaMyrtwjmbiiicsthepttoliCMa? 
with oxygen to produce watex and Is also deseed to cong3iise some lev^ of the proton- 
conducting edectrolyte in contact witii His same elecbwcatalyst leactiCHi sites. ProducfwatCT 
15 lihenJjastodjffiiseoutoflitecafliodestaictQte. The stnictute of Ifae csiflhodo has to be 
deigned such that it enables the Efficient rMBoval of the p«5^ K wate* builds 

in the cathode, it beconKS nuae difficult for the reactant oxygen to difiRise to *e isaction 
sites, and flnis the peitaancs of the fhel cdl decreases. In the case of MMstiianol fiielled 
PEMFCs, additional ia present due to the -water contained in the medianol, whidi can 
20 Ixjtianqsorted through fee membrane fixHnd» anode to the cathode side. The increased 
quantiiy of water at the eafeode lequiies teraovaL However, it is also fee case with proton- 
conducting membMffle electrolytes, feat if too much water is leanovcd ftom the eafeode 
structnie, fee msrabiBne can dry out and the peifonnance of the feel cell also decreases. 

25 iiie complete MEA can baconstnictBd by several mefeods. Tlie electrocatalyst 

layers Can be bonded to one suifeoc of fee gas difBision aubstratcsto form what is loxowtt 
as a ga$ difBision electrode. The MEA Is feen formed by combinfag two gas difihaon 
electrodes wife fee soMd proton-conducting memhrane. AltemativBly* fee MEA may be 
formed from two porous gas difEusion subBtrates and a solid protonrconducting polymer 

30 wenibcanecat^yswdosabofe sides (also referred to as a cata^ 

CCM); or indeed the MEA may be fornwd ftom one gas dlfEhaon electrode and one gas 
diffusion substrate andasolidprotonKsondao&jgpolyniBr catalysed on fee side feeing fee 
gas diffiisian substrate. 
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The naatemds typically used ia the &bricatiooof the gas diflBi^oa svd>3tinato layers 
of apa MEA com5»tiae Uigh densiiy matezials such as ripd cBrbcm fibMs (eg, Toiay 
TGP-H-60 or TGP-H-90 fiom Tot^ L[ia«Btiies, Jspsaa) or v/ovw. carbon dotfxs, such as 
Zoltek PWB-3 (Zoltek Cotporalicm, 3101 McKelv«y Road, St Louis, Mlssoud 63044, 
5 USA). Substxates sudbi as tiiese ate usually mwlified -with a participate matetiM eiUicr 
embedded ^thiu the fibre netwodc or coacted on to flis lan^ planar sur&oes, or a 
combinadon of both. "Tyiaeally tbfise paitioulBte tnateaab comprise a caAoa black and 
polynwr mix. Tlie paiticdlatB cajrboft blade material is, for example, an oil furnace black 
such as VokanXC72K.(ftom Cabot Chemicals, Billeriea, Ma. USA) or an acetylene Mack 
10 such as Shawinigan (fi«m Chewoa Chfimicaas, Houston, Texas. USA). The polymer moat 
feguenflyusedispo]ytBtiaauc3ioe%lene(PTF]^. The coating or embedding, is carried oat 
in OKteto impnyvB thewatermflnagementproperfles. improve gas ffiffiision chaEpcteristlcs, 
to provide a conlimious suifece on vMdb. to a^iply <hs catatyst layer and to iir^ve Ihe 
elecrtrical conductivity. Mote teceady, electrode stiiictures hasad on gas difihsion substrates 
15 <x«iprisinganaa-woveai«to»otkofcaibonfi^ 

.203, fiom Technical Fibre Products, Kendal, Cmnbria, UK) vnth a patticJulBt© material,, 
embedded vriihin <h6 fihce network as disclosed in BP 0 791 974. have shown compaxable 
periEbnnaaccB to stnictures based en carison fOwe p^^ 

20 The clcotrocktalystmateridB for 4b anode and cathode stnKtiM 

predousmslals,inpatflcutoplatiiiam.aslhesehan^ 

s^le elBctiocatalysts ftar afl low-temptaatoue fiiel cells sndh as the PEMFC. Platinum is 
employed dither on its ovm as ibe oiOy electrooatalyst metal or in oomhinaJion whh oHier 
predous n»talB or base metds. Tlie platinum based deotmoatalyst is pr^^ 

25 pattiDle3C~20-50A)ofM^suEfeceBtea,vAichareu^ 

lais» ma<a»scopio conduCtins carbon partioles to provide a desired catalyst loading. 
Conducting caAansarethfipiefeiredmsterialstDBuppOTt^ecatBlyst. ParticulaCe carbon 
blade materials typically enjoyed include Vulcan XC72R. md Shawinigan. It is also 
posdblc that the platinum based eleclioBatalyst may not incorporate a swpporti and bi this 

30 oaae it is jefeatnsd to as an unsupported Pt elcctrocatalyst. 

Each MEA in «ie PEMFC is sandwiched between, electrically conducting flowfield 
plates which aw conventionally based on carbon and contain channels that feed tiie MEA 
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with. Hie xeactants and fhtOi^h which the products &r& removed. SixicB each MBA 
typically required to deliver et least SOOxnAcsxi^ «t 0,6 -0.7 V, usually betwee»i 10 to 300 
suchMBAs are loca^ betweea £bw field plates to form st^dcs. These sbadSc$ are comlnned 
electdcally bx sedes or parallel to g^ve the desired powoc output for a given s{>pUcatioiL 

Realising the high cmxent d^nsiti&s that as^ pcFtentiall^ availabk requires that all the 
components of l3ie MEA slroctore aie able to p&tSbim a£ their ma^qmum ptactical level. 
Tims^ vidttnn the electrocatalyst layer, the pioportiaa of the catalyst surface in contact yvith 
tte proton-conductmg polymer etectrolyte needs to be as high as pcactically po^ible, whilst 
still ejxsudn^ access to the csiaiyst sur&ce for Cbe reectant gas or liquid* The level of 
hydration of the protoi^-oonducting polymer, ^thfai the electrocalalyst Layer, smst also be 
maintained atthe caa»ct level to ensure that there is sufQcdetu NMSHer aivailable fbartfae pgnoton 
transport pcocesses. The elec:tromc: pondudivi^ of the dectrocotalyst lay^:» in bodi the 
y and 2 directions^ is also v&y iffo^ptMmt for mssdnsising the ceU potsntiai and needs to be 
mainlined at the highest level possible. Tbe didiotoidy between the need to maxixmse the 
catalyst dispeordon and thessfore maximise the contact between the catalyst and the 
diecttonicaUbMnsulalirig proto[n."Conducting polymCT^ and the xieed to xoaximise electroai 
conduction both betwee^i the catalyst paxdcles and b^iween the catalyst layer and die gas 
dij^ioin substrate Is one that has not been readily resolved. 

It is the ahn of the present invention to jisovide an improved electxxMsatalyst material 
Oieseinafiasr refe rred to as ^^elechrccatab^t ixikfO |hat is used to pcovide an electroc^rtalytic 
layer vrith improved electronic conductivity fat both tSbie x-y md z directions, when 
incorporated as part of an MEA. Accordii^ly, the present invention provides an 
eleotrocal^yst ink coni^iising one or more electrocatalyst metals and one or more proton- 
condncting polymers^ characterised in that tihe electrocatalyst ink further comprise^ 
paniculate grapUte. 

The temi ^inl^^ as used to describe the present invention iinplies a material that is 
dispersed in a vehicle carrier and thai can be ajsplied to a substrafce by a variety of methods, 
such as fQtratians vacuum depositioai spray deposition, castings esdxusioxLp rolling or printing 
such that the final ink formulation is capable of being used in a high volume production 
process for the deposition of an electro catalytio layer. 
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The term "electtocatalystf" wfll be well uaderstood by apiapson skilled in tihie artix> 
mean a catalyst that -when incarporated into a gas difibsion electrode &cilitates an 
electrocheniical reaction. Electrocatalyst metals for use in the present invention may be 
selected from 

5 (i) ihe platinum group metals iLe. platinnm, palladiunii, ihodium, rufhenliini, 

iTj4iii-it| and osndum), 
(ii) gold or silver, 

a base metal or base metal oxide^ 
or an allay qr mjTctuie compilsing odfte or moxe of these metal$. The prefened dectpocsaialyst 
10 metal for use In the present invention la platinum. The electrocatalyst metal nw ^ 
unsi^jported, or supported on a conductive substxate, and preferably is supported on, for 
erample a high surface area parfioulats carboiL. The electrocalalysts typically used in ]WBM 
flwl cells are eiliier siqsported metal catalysts, vrfberdbaAe metal particles are dispersed over 
ll»sucf^ of a i^aibon black, or unsupported Inttiecaaeofthe 
15 supported catalysts, the individual particles or nodules of carbon are between 1 0 and 100 
nanometieB in diameter and the typical aggregate, formed by the fusion of the individual 
particles has the largest dunension, in at least one diiection, in the range lOD to 500 
nanometres CO.l - 0-5 microns) (T- J- Fahish and D. E. Schleifer, Carbon, Vol. N0.I 19 -38, 
1984> The unropiported metal blaclKlypic^ 
2^) InAe order of 0.001 to 0.01 microns, wrfh aggn^tes of suchparddes fanning dusters in 
the range 0.1 to 5 mior<ms. 

Qrs^plutB is an anisotropic form of carbon, with a structure composed of infinifce 
l^yeas of carbon atoms, anaoged m the form of beocagons^ and lying hx planes. Hie staddng 

25 an'ange m ^ of the planes is ABAB, with atoms in alternate planes aUgning with each ottier- 
This layer stractme is one of the most ardsotropic known, and is a direct rcsuft of the layered 
structure with eaftcemely strong carbon bonds in the basal plane and weak bonds between 
planes* These characteristics are reflected in the bulk, physical properfles of the mateial, 
as for example the electrical resistivi^, which, in the basal plane is over two orders of 

30 magxaltude kisstlxan across tibue basal plane. 

Tbere are two main soiBrces of commeroiaUy available gtfapMte, the fhst of which is 
natural gi^hite, a crystalline mincml ffcmn of graphite oocuiring in many parts of the world. 
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Typically such matotiaLs contein. soxne additional ludneral elements, and reflect the layered 
structure in. their phydoal appearatice, beix^ in. the foxm of flakei^ having a snaall z 
dimeDsicoi mlh respect to Ihe x end y directiotis. The second is snaauj&ctuxsd graphite, 
which is a bcknded^ gianuiar, carbon bo^iivhose matrix has been subjected to atemperatuie 
5 tj^jncally in ex:cess of 2400^C end vdiose matrix is steble beIowfha£ temperatrae (Standard 
Definitions of Terms Relating to Manufactuixpg Carbon and GiapMte, American Sodety for 
Testing EoidMaierials). Wilfam these tniateiials the al^^ 

xeteniion of the lypical physical prop^e», sudi as electdcal coziductiviiy, faovyie:v€X the hulk 
physical structure can be more varied, rangipg fiom flLafce-lflce materials 1^ structured vAxm 
10 the x^y and z dimensions are surulaT. 



The graphite used in the present hivmlicm Is paiticidategrapM ^ flake graphite 
or ^dueiical gr^Mte. The loudest dimensioa of the graphite pardctes is suitably in the range 
O.ljyutn to lODOjLun, preferably in the range 1pm U> SOOiiwu 

15 

The electrical xeaistrvily of Ihe jgraphite is suitably below O.OSflonL This is lower 
than the lesisdviiy of otfae^r paidculate carbons that are commonly used in catalyst inks as 
catalyst supports. 

20 The anonnt of partfculaie gxaphite in the dectrocataly^ mk is suitaMy l-40wtM. wilh 

icapect to the weight of the electrocatalystj, preferably 2-25wt9^. 

An MEA may coniprise gmphite in sev<^al di£EeFent comxsonoits, eg the 
clectiocatalyst metal may be supported on particulate graphite, hi the present iixvention^ 
25 particulate grapMle is present as an additional component in the electrocsteJyst ink. 
Preferably, If the electrocatalyst metal is scqppoited^ the support material is not graphite. 

The proton-conducthig polymers suitable for nse in the present invention may 
inclndcj, hut axe not limited to: 
30 I) Polymers wfaidb have structares with a substantially fhiorinated carbon f^iein 

optionally having attached to It side chahis that are substantially fhwdnated. These 
polymers contain sulphonic acid grcnips or derivatives of sulphonic acid groups, caxboxyUc 
add groiTE^ oar decLvErtives of carhoxylic acid groups, phosphonic adid groups or derivatives 
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of phosphaaic add gcoops and/or mixtocBS of tiiese groups. Feiifluorinatedpolymears include 
Nafiom®, Etemkni* and AcJplwt* commeixMly available fKsm. E. L DnPonS de Nempws 
(U.S. Patents 3,282,875: 4329.435; 4330,654; 4358^45; 4*417,96$; 4,610,762; 4^33,082 
and5,094,995XAsahi<aassKKaiidAs^CaiMxucallBdustiy Oftjerpolymeiis 
iactade those covered in U.S. Patent 5,595.676 {Impaial Cheinical Industries plo) and U.S. 
FsteoC 4,940,525 (Dow Chemical Co.) 

2) pKfluaExaated or paidally £Iuod»ated polynscrs oontaioiiig aromatic xix^ sudi as 
HiOfie described in WO 95/08S81, WO 95/08581 aaJd WO 97/25369 CBallOTd Power Systems) 
wMdbi have been flmcttonaliBcd with SO3H, PQaHi, POjHb, ClfePQaHa, COOH, OSQjH. 
OFOsEb, OPOsHa. Also inclnded are ladlation at chemically graffced p^ftuorinated 
polymsrs, in wMcai a periUiorinatBd carbon c3iarn, ^ eKaatple, PTFE, fluotinated eihylfin&- 
propylene (FEP)» teliafliioroelMfioe-eaiylone (BTFE) copolymwrs, tebafluoroethylraiB- 
perBuowalkoxy (PFA)«ipolymfiria, poly(vin3i flimride) OPVF) andpofy(vmyIideaBflwi3de) 
(PVDF) is aotiv^d by radiation oof cbemical inStiaJi0n in lbs pteacoce of a monoaneii stuSx 
15 as siyiMne, ^cih can be fimcdonaiiised to contain an ion exchange groi^. 

3>Huorinatedpolyaw5rssuohasthosedisoloaedi»EP0 331 321 andEP0345 964 
(bnpesrial cawmioal IiaduBbi«» pic) oontaJning a pdtjrmedc diain vriWi pendant saturated 
cydic groi^ps and at least one ion exchange groi^ v»diidi is linked to the polymeric chain 
thxooi^ the <9^o group. 
20 4) Aiomatic polymers such as those disclosed In BP 0 574 791 and US Patent 

5,438,082 (Baeohst AO) ibr example sulphonated polyaiylBflifiiketone. Also acomatic 
polymera sudt aspoIsBflttffsa^^ 

ion exchange fumotionality such as those disdosed in WO 94/16002 (AUied Signal Inc.). 

5) Nonfluorinated polymers indnde Ihose disclosed in U.S. Patent 5,468^74 CDais 
25 coipoiraHott)forexan«flel^diocaibanssiiriiassi3?»^^ 

<etb0CTe-propyfciiB)-slyrene and a«aylonitril&-buladiene-slyrene co- andterpolymerB Twhei© 
the s^wae cran^Kaients are finiistionalised widi sulphonate and/or pho^omc groiips^ 

6) Nitro^ cantdning polymers induding those disclosed ioU-S. Patent 5,599,639 
(Hoedist Cdansse Corpatation), tot exan^le, poljrbenzfamdazole alkyi sufehonic addand 

30 polybea2mnidazole dkyl or aiyl pihosplKnisiB. 

A second aspect of the inwntion provides aprocess forprefparing an dedrocalalyst 
ink of theiHvenfioD, add process canqadsifi^ mixing one or moic deotJtooaJa^ msierialif 
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with the one or moare pErotcm-K^nductiag polymers and ftxc partiieialale; gt^Mte in a liqiad 
medium, may he aqueous or orgexdc. 

Tts& pres&cX invention also provides a ipis didSusion electrode^ wHch may he an 
anode or a cathode^ comprising a gas di£EtiSion snbsbrate and electrpcalab^ic layer 
prepared nging the eleotrocatalyst ink according to fijye present invention. Also provided is 
a me&od for preparing such an electrode compdsuag applymg {he eleotiOGatalyat ink to the 
substrate (e. g. of carbon fibre paper) by any metfajcd kno^m in the art and iE}ch2dmg filiation, 
vacuum imposition, spray deposition, casting; extrusion* roUing or printing. 



A IcixsQasT aspect of the invention provides a catalyst coated meimbrdna cca^aprismg 
a solid polymer membrane and an electrocsataljrtic laj^er prepared vsins the electrocatalyst 
ink of the invention and a process for the preparation thereof^ said proce$@ coxqprising 
applying tibe ekotiocatalysEtinkto cm© OTbodi ades <€ths membrane by any mefhod knowi 
IS in tbe art and including filtmtioti, vacmim depoi^on, spray deposition;, casting, rolling or 
prmtmg. StiH fuxiher aspects provides 

electrccatalylic l^ex: prepared u^ng the electrocataly&t ink of the invention, mid ii) a fliel 
cell comprising an eltectrooataiytic layer prepared using Ae dlecteocatafydc ink of the pres^ 
invention. 

20 

"The eleotrocatalyst inks of the xnesexit invendon are advantageously used in PEM 
fiiel cdK but may be used to fom electiocal^^ las^ is^ ray type of jBxd cdl ftiat opera*BS 
below SOCC for example ptosphoric acid ftual cells. 

25 The inveaition vdll now be described by ^way of e^s^ple only which is not inlsnded 

to be limiting thereof. 



COMPARATIVE EXAMPLE 1 



30 A catalyst ink for use as a comparalive electrocat^yst layea: vras porovlded by 

dispersing lOOg of 40wt% platinum on carbon blank (Johnson Matflhey FC40) hi 520g of a 
13wt% solution of Nafion EWIlOO (E. L DuPont DeNemowa & Co-) disperrfoa in water, 
according to methods described m ESP 0 731 520, The particulaije catalyst was dispersed 
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using a lugh-stiear mixer (Silveison L4R) to produce a smooth, ii^ 

An electrocatalyst ink was prepared as fiw CtxnpaEative Exouople 1 di^peirsiiig 
4Qg of 40wt% platinum on canbon black (Tofaison Matthsy FC40) and 4.5g of a flake 
gtaphite type T44 (supplied Timcal Ltd.. CH-S643 Sins, S-witzractend) in 310g of 
demmeralisesd vnctor and 122.1g of a 23 J4vr(9^ solution of Nafion EWllOO (E. 1. DuPcmt 
X>e NeziKTins & CoO dispeision in watex, to finm a 



An eleolxocatalystiijOk was prepared as £u'Coi^^ 1 by disper^mg 

45g of 40wtK platibum. on carbon black (Jo3insan Mat£bey FC40) and 5g of a a^iiieiical :Qake 
15 gi^hite lype SFO 15 (supplied by Timcal Ltd., Sins. Switzerland) in 3lOg of 

dtanmcialised water and I22.1s of a 23.34wtS^i solution of Naficm.' EWllOO (E. I. DuPoat 
NemouES & Co.) dispersion in vmHerj to fonn a smoolih ink. 



The apparatus used to measure resistance is shtrwa in figure X , A avmber of copper 
plated £[bi&€lass printed diciut boards, of dimensicMis 10cm x 2.Scm, -were prepared wifii 
tite central secdiott(7JkaiOo£ti» board laving Ite The samples 

of iak weafe thirai screen printed onto individtsal boards suah that ttie printed layrar (3) 
25 exteindBdovOTlhecoj^ end strips C2) by 6nun. Hectdcal conneclioiM <4) were attached 
to both end strips AHewlett Padtard 4363 A LCR (iiaiiKaance/cs«iaclianca^iBsistance) 
inetex was TBed lo measure die in-plans resistance of the 1^ 

Because the faumidily pf tfa« environment can a£Eect the Tt^afion polymer, a sealed 
30 onvioimienlal chamber was -used fiwaU of tiwmeasn^ For the dry mcasuremente 

ft© homidi^ level was controlied to 18-209^ and fer the wet nwasuremfiiits, 94-96%. The 
tesults afe sumcaarised in TaMe 1. 
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Table 1 In 'Plaa^ Specific IRssistivity Values 







Dry 


Wet 




Xhickness 




Resistivily 


Resistance 


Rssistivity 




(cm) 




(Slom) 


(KH) 


(Sixan) 


Comparative Example 1 


0.001 


3.6S 


1.23 


13.»4 


4.61 


Bxample 1 


0.001 


1.154 


0.39 


4.S8 




Example 2 


0.001 


1.71 


0.57 


6.79 


2L26 



The Specific lesislivity <p) was obtained by R =^ p ?C length/cioss sectional area, where R is 
5 the iiKasnred resistance ohms. The in-plaiie measmemente wei» fi^^ 

for the *diy' measmsmeails and the * wet' measiarements. It was obsesrved that ift all cases 
the *dr7'injeasOTemeGts were sign^ However the 

standard cathode mk (Ccmparadve Example 1} has, in all cases, a significantly high^ 
jtcsistrvily thOTi those containing the additiocmal grapbite. The trends between Ae two sets of 
10 results 'dry* and '-wet' are the same. 
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1. An fllectt P' B tfnly *' Ink ft ftrnj ur i t ti iig one or more etoarocatatyat metala and one or mora 
pH>ton-'-^*<'^'^"£ pnlyinarB, ctiaracteafafed in that Ihe electrocateJyst ink fttrther comprises 

5 particulatB gr^hite. 

2. An eliBctoJcatalyst ink accazding to claim 1, 'wherem fte eLecteoc«rt«]yst mefal ia 
platinum. 

10 3. AaelectrocatalyrtiJJkaocoriBngtoclaim I or<^i^ 

is etdiOT a supfpttrtedmidtal catal^ or ammsiqipoitedi finely divided metal blade 

4, An electrocalalyBt ink acccurdii^ to cWm 3, v*€irtam the electrocatalyat metal is 
Supported on a hi^ surface area particulate carbon. 

15 

5. An electcocataljrat ink aocoidiDg to daim 3 ox daim 4. wlKasin *e partioulaie 
graphite is prewnl at a loading of 1 to 40wt% wi«h respect to the iwdgbt of «w 
electincatalyst 

20 6. An electewatalyst ink acoOTffing to claim S, wherein Hia particiilBte gnipMtB is 
present at a loading of 2 to 25wl% with respect to the wdghtof 4fi eleotrocatelysL 

7. Aprocess &r preparing an dtecttoofljtaibwt ink acc^ 

saidprocess comprising mixing one or more dectawatolyst materials with the one or more 
25 proton-conductit^polymsiB and iJie particulate 
aqueous or organic- 

8. AgaadiffoaondectrodecomiHiOTBagasdiiliisifm 
ink aocarffing to ai^ one of ckdms 1 to 6. 

30 

9, A catjayst coated membrane comprising a solid polymcf uaembifaiie said an 
dectnicaialyEt ink according to any one of claims 1 to 6. 
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10. A iiijeTObraiie electrode asseiiibly caamprirfng aa electnocata]^ ink accordiDg to any 
one of claims 1 to 6. 



1 1. A fuel cell comprising aa eJectrocatalyst iab according to any cme of claims 1 to 6, 

5 
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TMPRQWP MATORTAI. FOR R3LECTROBr . MANUFACTURE 
Absfarast off the laveatioH 

An ekctrocaialyst jaik comprisiiig one or nmrB electrocatalystiiietels and one or moK 
proton-coiiBiuctiiig polymfics, s*aracteiised iu that the electeoolalyst m. finthfir comprises 
partlcvaat© graphite, and a process forme prtpaxscHaa of said ink ia disclosed. The uses of 
the iijk in a gas diffusion electrode, pardcularly jfoariise in PEM fijd ceUs is also disclosed. 
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